It is crucial to control the lowest unoccupied molecular orbital (LUMO) of electron accepting materials for producing efficient charge transfer in bulk heterojunction (BHJ) solar cells. Due to their high LUMO level, soluble bis-adducts of C 60 are of high interest for improving the V oc in BHJ solar cells. In this 10 work, we have developed a novel bis-4-propylpentyl [6,6] methanofullerene bis-adduct, NCBA, using a alkyl solubilizing group. The optoelectronic, electrochemical and photovoltaic properties of this bisproduct are investigated. NCBA is successfully applied as the electron acceptor with poly(3hexylthiophene) (P3HT) in BHJ solar cell showing a high V oc of 0.73 V.
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Introduction
The power conversion efficiencies of organic photovoltaic devices have been swiftly increased in the last years to 11% for single junction polymer: fullerene cells. [1] [2] [3] Poly(3-hexylthiophene) (P3HT) is the widely used commercial conjugated polymer donor 20 material, and [6, 6] -phenyl-C-61-butyric acid methyl ester (PCBM) is the most important soluble C 60 derivative as an acceptor in BHJ solar cells. Power conversion efficiencies (PCE) around 4-5% has been reached based on the P3HT/PCBM system by device optimization. 4, 5 The PCE of the bulk heterojunction 25 solar cells has been steadily increased by research progress on both the new photovoltaic materials and new device structures. Molecular design of the photovoltaic materials will play a key role in promoting the commercial application of the bulk heterojunction solar cells. 6 In order to further improve the PCE of 30 the polymer solar cells (PSCs), finding new conjugated polymer donor materials bearing broader absorption, lower bandgap, higher hole mobility, and suitable electronic energy levels have been the main goal in OPV field and some copolymers using push-pull property in the conjugated backbone showed higher 35 photovoltaic efficiency than P3HT. [6] [7] [8] [9] [10] [11] [12] Nevertheless, the research efforts toward new C 60 derivative acceptor materials to replace PCBM have not been very successful until now with different polymer donors. [13] [14] [15] Among fullerene derivatives, PCBM offers the advantages of 40 good solubility in organic solvents (chloroform, chlorobenzene, dichlorobenzene, etc.), higher electron mobility and higher electron affinity. However, weak absorption in the visible region and low lying LUMO level are the weak points. Weak absorption of PCBM limits the light harvesting in photovoltaic conversion 45 and low LUMO level of the acceptor result in lower open circuit voltage (V oc ) in PSCs, since V oc is strongly related to the difference between the LUMO level of acceptor and the HOMO of the donor material. [16] [17] [18] Therefore, it is very important to design and synthesize new soluble fullerene derivatives with stronger 50 visible absorption and higher LUMO energy levels than PCBM. Although many C 60 derivatives and a new C 84 derivative have been synthesized and utilized as acceptors in OPVs, only handful C 60 derivatives achieved good solubility in organic solvents, desired electron mobility to have good charge transport, broad 55 absorption to contribute to the photocurrent and suitable electronic levels to have efficient charge dissociation. [19] [20] The research effort devoted to new fullerene acceptor materials are increasing but the new fullerene derivative acceptors showing better photovoltaic performances than PCBM are very few. 60 PCBM is still the most important acceptor material used in the organic solar cell studies. The miscibility and energy level match of fullerene acceptors with the low bandgap polymer donors should also be considered for achieving a high power conversion efficiency of organic solar cells. [21] [22] [23] [24] [25] [26] [27] [28] Blom et al. reported bis-PCBM (a regioisomeric bis-adduct of PCBM) used as an electron acceptor and the V oc of the P3HT:bis-PCBM BHJ solar cells was 0.15 V higher than that of P3HT:PCBM due to the higher LUMO energy level of bis-PCBM as compared to PCBM. 30 Afterwards, Laird and Li et al. 26,29,31 5 reported a remarkable bis-adduct fullerene derivative, indene-C 60 bis-adduct (ICBA). Through the Diels-Alder reaction of indene with the C 60 , ICBA achieves a LUMO energy level that is 0.17 eV higher than that of singly functionalized PCBM. A PSC consisting of P3HT and ICBA demonstrated a V oc of 0.84 V. However, due 10 to byproducts, multistep purification procedures and the high cost of ICBA their future commercial application will be limited in PSCs.
Herein, we introduce a new soluble fullerene based n-type semiconductor material, bis-4-propylpentyl-[6,6]-15 methanofullerene (NCBA), using 4-nonanone as a building block. Compared to indene bis-adducts which requires a large excess of indene to produce the final product (mole ratio of indene to C 60 =20:1), NCBA as shown in Scheme 1 is easily synthesized from of 4-nonyl-p-tosylhydrazone and C 60 using 2:1 20 mole ratio. The synthesis of 4 was carried out by 1,3-dipolar cycloaddition reaction of diazo compound generated in situ by reaction between tosylhydrazone and sodium methoxide (Scheme 1). Condensation of 1 with p-tosylhydrazide in toluene affords tosylhydrazone 3, which after sequential treatment with sodium 25 methoxide in pyridine and C 60 in refluxing o-dichlorobenzene (o-DCB) affords bis-4-propylpentyl [6, 6] methanofullerene (4) isomer mixture. Highly soluble bis-alkyl side chains raised the LUMO level 70 meV compared to PCBM because of bis adduct of the methanofullerene derivative, resulting in an increase of V oc 30 in devices with P3HT. 35 40 Scheme 1. Synthetic route to bis-4-propylpentyl [6, 6] methanofullerene NCBA.
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Experimental Section
NMR spectroscopy was conducted using Bruker Avance 300 spectrometer. NMR-solvents were purchased from Deutero. The 50 chemical shifts are reported in part per million (ppm) and referenced to the residual solvent. Spectral splitting patterns are designated as "s" (singlet), "d" (doublet), "m" (multiplet). The raw date was processed using MestReNova Lite.
Mass spectrometry (MS) was done on a Shimadzu AXIMA 55 Confidence MALDI-TOF MS-spectrometer (nitrogen UV-laser, 50 Hz, 337 nm). ESI mass spectrometry was carried out on a Bruker maxis 4G UHR TOF MS/MS-Spectrometer. 1 represents the permittivity of the material, µ is the mobility , and L is the thickness of the active layer.
Morphology of the films were observed by Atomic Force Microscopy using Ambios AFM equipment. Table 1 .
Electrochemistry
Characterization
Synthesis of 4-propylpentyl -p-tosylhydrazone (3)
25
To a solution of 4-nonanone (1) (1g, 7 mmol) and p-toluene sulfonyl hydrazide (2) (1,3 g, 7 mmol) in 25 ml toluene, 0.33 ml acetic acid are added under argon atmosphere. The resulting mixture is stirred for 8 hours at 110 °C. Then, the solvent is evaporated. Crude product is extracted with hexanes containing 30 acidic water (5% HCl) solutions, then washed with water for three times, and dried over magnesium sulfate. The product is obtained as a yellow oil (85%). 35 Synthesis of bis-4-propylpentyl [6, 6] Absorption in the visible region is a significant property for the acceptor material in organic photovoltaics (OPV)s. In literature, PC 70 BM and indene bis-adduct ICBA are superior to PCBM 65 mainly due to their stronger absorption in the visible region. 21 Figure 1 represents the UV-vis absorption spectra of both PCBM and NCBA in thin film. The absorbance of NCBA is stronger in visible region between 400 nm and 500 nm than that of PCBM. The electrochemical properties of NCBA were studied by cyclic voltammetry (Figure 2) . The lowest unoccupied molecular orbital (LUMO) was calculated from their onset reduction (E onset red ) 5 obtained from the cyclic voltammogram. The LUMO energy level of NCBA is -3.59 eV, which is raised by 0.07 eV in comparison to that of PCBM (3.66 eV) in the same measurement system. The higher LUMO energy level of NCBA is desirable for its application in PSCs to get higher V oc . The shift in the LUMO 10 level toward the vacuum level is due to the presence of the fewer unsaturated bonds as compared with fullerene monoadducts. Photovoltaic properties 20 Photovoltaic performances of NCBA are investigated with P3HT as donor group in the normal structure BHJ solar cells using different donor: acceptor ratios. In BHJ devices, the weight ratio of donor/acceptor plays a significant role and has a large effect on PCE due to the balance between the absorption and the charge 25 transport network of the active layer. 33 Therefore, different weight ratios (2:1, 1:1, 1:2) for P3HT: NCBA (10mg/ml) were prepared using cholorobenzene (CB) for device fabrication and 50% NCBA loading (1:1) was found to be the optimized ratio. When reporting improvements in photovoltaic performance, it is critical 30 to provide sufficient information in the form of statistics and experimental conditions to enable the work to be reproduced, and to allow the reader to evaluate the reliability of the data. [34] [35] [36] Therefore, the J-V characteristics of P3HT: NCBA devices, under illumination, using different D:A ratios and the effect of annealing 35 to the best ratio are shown in Figure 3 and the key parameters from the average 6 devices are summarized in Figure 4 and Table  2 . As seen from Figure 3 , low amount of acceptor addition suffers from the low current in 2:1 ratio (3.9 mA/cm 2 ) P3HT: NCBA cells. Thermal annealing the best ratio of P3HT:NCBA (1:1) at 40 140 °C for 5 min. increased the fill factor remarkably from 53% to 65% and relatively high open circuit voltage (V oc ) of 0.73 V was observed which is much higher than that of conventional P3HT:PCBM cells. 37 Higher loading of NCBA to the blend system decreased the short circuit current (J sc ) and the open 45 circuit voltage (V oc ) which is due to transport properties in the blend. The preliminary performance results of best P3HT: NCBA solar cells are confirmed by external quantum efficiency (EQE) measurement. Figure 5 exhibits the EQE of not annealed and annealed best ratio P3HT: NCBA cells. From EQE measurements, 50 the short-circuit current density (under air mass (AM) 1.5 conditions) was estimated to be 5.9 mA/ cm 2 for 1:1 P3HT: NCBA cell suggesting that the photon-electron conversion processes are rather efficient. Figure 6 shows the atomic force microscopy (AFM) images of 1:1 P3HT:NCBA solar cell before 55 annealing (b) and after annealing (c) in noncontact mode. Annealing improved the surface morphology and increased the efficiency of 1:1 ratio P3HT:NCBA solar cell. Layers of NCBA and P3HT: NCBA were investigated to determine the charge transport properties. Charge carrier mobilities in NCBA and in the blend were measured by the space 15 charge limited current (SCLC) method. The SCLC mobility measures the hole and electron mobility in the direction perpendicular to the electrodes; thus, it is the most representative measurement of charge-carrier mobility for solar cells. [38] [39] To measure the hole and electron mobilities of different fullerene 20 derivative blends, the ITO/PEDOT:PSS/active layer (100nm) /PEDOT:PSS/Ag (100nm) and ITO/AZO/active layer/Ca (15nm)/Ag (85nm) devices were fabricated, respectively. Table 3 summarizes electron and hole mobilities for NCBA and P3HT: NCBA blends with and without thermal annealing (See Figure SI-25 3). Electron mobility of NCBA was found to be comparable to PCBM 40 and was decreased one order of magnitude in the annealed blend. The parameter that represents the ratio of the hole-to-electron mobilities (µ h /µ e ) in the D:A blends is crucial to understand the optoelectronic properties of BHJ, particularly with 30 respect to FF. It is known that balanced charge-carrier transport is an important factor for increasing the fill factor (FF) in BHJ solar cells. Annealed 1:1 ratio P3HT:NCBA films showed a relatively balanced µ h /µ e value in the same order yield in high FF in the devices. 
Optical and Electrochemical Properties
CONCLUSION
In summary, we have successfully synthesized a bis-addcut C 60 derivative using a nonyl solubilizing group with simple synthetic route. NCBA offers a higher LUMO level compared to that of 45 PCBM in order to minimize the energy losses in the electron transfer from the donor to the acceptor material. Besides a high electron mobility of 2x10 -3 cm 2 /Vs, NCBA showed slightly higher absorption in 400-500 nm region compared to PCBM. Bulkheterojunction photovoltaic devices are constructed using the 50 fullerene derivative as acceptor with P3HT donor and efficiencies up to 2.8% have been achieved without further device optimization. As depicted, higher LUMO level resulted in significantly enhanced V oc of 0.73V. Our successful preliminary results suggested that further optimization of this novel fullerene 55 bis-adduct can yield higher efficiencies with chemical modifications to fine tune the electronic properties and different conjugated polymers can be used to achieve higher power conversion efficiencies. 
